It's necessary to study the reasonable modeling of thyristor valve cooling system as there have been many cases of DC blocking or emergency shutdown caused by overheating of valve cooling equipment. Firstly, by the heating model, the steady-state junction temperature and transient junction temperature of thyristor valve are calculated. Secondly, based on Gambit and Fluent software, the whole cooling system including the internal and external parts is modeled and simulated, in purpose to find a simulation model that consistent with the actual parameters, which has some guidance for temperature prediction of valve cooling system.
INTRODUCTION
Thyristor valve cooling system is the key part of converter valve equipment in HVDC system. In recent years, the DC blocking or emergency shutdown accidents occur frequently due to the problems of the thermal stability of converter valve cooling system [1] .So it is urgent to study the heating and cooling modeling of thyristor valve.
At present, there are some researches on thyristor heating and closed cooling towers at home and abroad. In the paper [2] , indirect methods, direct test method, thermal impedance equivalent method and numerical calculation method for measuring junction temperature of thyristor are summarized. The paper [3] discussed the Forster network and Cauer network model applied to HVDC thyristor converter valve junction temperature calculation and its advantages and disadvantages. The paper [4] established two closed cooling tower mathematical model based on Merkel method and Poppe method. In the paper [5] , the heat dissipation model of the closed type cooling tower without fillers and the closed coil cooling tower with packing is studied. However, most of the existing researches are mostly aimed at thyristor components or closed cooling towers separately, few is about the whole system.
In this paper, the whole cooling system including the internal and external parts is modeled and simulated which is a big step forward. The heating model of thyristor valve system is built. On the basis of this model, the whole solid modeling of the operating conditions and structural parameters of cooling system is carried out. By the use of thermal fluid simulation software, the accuracy of the modeling method will be verified.
HEATING ANALYSIS OF THYRISTOR VALVE
When the thyristor element works, the heat loss is generated in the junction, and the junction temperature rises. The greater the temperature difference between the junction and the outside, the more heat is transmitted [6] . The relation is expressed by formula (1).
Where, P denotes the thermal dissipation power, ∆T denotes the temperature difference, R th denotes the thermal resistance.
Thermal impedance of thyristor
In the process of heat diffusion, each medium has a certain resistance to heat which called thermal impedance. The thermal impedance of thyristor can be divided into two types: steady-state thermal impedance and transient thermal impedance [7] . The steady-state thermal impedance R θj-a of the thyristor consists of the impedance of pipe shell R θj-c from the thyristor core to the shell, the contact impedance R θc-s from the thyristor shell to the radiator, and the radiator thermal impedance R θs-a from the radiator to the environment, R θj-a= R θj-c +R θc-s+ R θs-a The formula for calculating transient thermal impedance of thyristor is shown in formula (2). 
Where, Z th (t) denotes the transient thermal impedance of thyristor, R thi denotes the steady-state thermal impedance of each components in heat transfer path, C i denotes the heat capacity of each component in heat transfer path。
Steady junction temperature of thyristor
When a constant power is applied to the thyristor, the heating of the thyristor is mainly concentrated in the PN junction between the two base regions. The heat is transferred to the surface of the shell through the path of silicon wafer, alloying layer, platinum sheet and copper base. Assuming that the shell temperature remains unchanged, after a long time to reach the thermal equilibrium, the junction temperature of the thyristor is as follows:
Where, T j denotes the junction temperature, P denotes the constant power, T c denotes the shell temperature, T c= P(R θc-s+ R θs-a )+T a , R th denotes the thermal impedance of steady crusts, R th =R θj-c . It is assumed that the thermal impedance between the shell and the environment is very large and T j can be expressed as follows:
Transient junction temperature of thyristor
Transient thermal impedance reflects the changes in the thermal impedance caused by thermal inertia of the heat exchanger in the transient process of heat transfer. Assuming that the shell temperature remains constant, the junction temperature of the thyristor under the non-constant power is:
Where, T j (t) denotes the junction temperature of thyristor, T j (0) denotes the initial junction temperature, P(t) denotes the non-constant power of thyristor, Z th (t) denotes the transient thermal impedance of thyristor.
SIMULATION OF THE INTER COOLING SYSTEM
The cooling system of thyristor valve includes internal cooling system and external cooling system. In order to simplify the model reasonably, we establish the relevant models of the two systems respectively. First of all, the internal cooling system simulation is carried out which mainly studies the heating and cooling inside the valve tower .
Modeling of valve tower system
Each valve tower consists of 12 modules including the left and right sides, the upper and the lower 6 layers. The structure of the valve tower is completely symmetrical, so we just study one of the modules.
The single module consists of two valve layers, the 13 thyristors of each layer is packed by 14 square aluminum radiators, and in series connection with the damping resistors. The heat of the radiator is removed by cooling water flowing through the U channel inside it. The layout of the waterway is shown in Figure 2 : The model is built with Gambit [8] , and the basic model of radiator is shown in Figure  3 . The physical model of single module is shown in Figure 4 . 
Simulation
When it is the condition that the internal cooling water was 45°C and 100% rated power, the simulation of the cooling and heating of valve tower is carried out based on Fluent software. From the analysis of thyristor heating model, the bipolar current of 100% rated power is 1800A, and the temperature rise of the thyristor is 77.74°C. The residual curve of the simulation is shown in Figure 5 , and the temperature distribution of the whole module is shown in Figure 6 . From Figure 6 , it can be seen that the temperature distribution of main pipe, thyristor, slender pipe and radiator is different. The temperature of the thyristor drops from 77.74°C to 60.17°C. The temperature of the radiator rises because it absorbs the temperature of the thyristor, and decreases because the cooling water takes the heat, and it finally reaches 44.65°C, slightly higher than the initial value. The temperature of damping resistor is reduced from 70°C to 57.07°C. The final temperature of the fine slender pipe is 49.31°C, which is the temperature of the cooling water of outlet. It means that the temperature of the cooling water rises from 45°C to 49.31°C, which is in good agreement with the actual situation within acceptable range.
SIMULATION OF THE EXTERNAL COOLING SYSTEM
The cooling water coming from the internal cooling system is used as the inlet of the external cooling system. In order to build the model of the external cooling system, the research on modeling of cooling tower is carried out.
Heat transfer model of closed circuit cooling tower
The evaporation heat transfer in closed circuit cooling tower can be referred to the heat transfer calculation method of ordinary wet cooling tower. The enthalpy difference theory and cooling number method of cooling tower is adopted to calculate the heat transfer. Some assumptions are made to simplify the issues [9, 10] .
(1) The circulating water in the air and cooling coils is ideal cross flow, and the flow is stable;
(2) The surface of the coil is fully wetted and the interface of heat and mass transfer is the same; (3) The heat and mass exchange process is only carried out in the cooling tower, and there is no heat and mass transfer with the shell. The shell of the closed circuit cooling tower is considered as an adiabatic one; (4) The spray water does not bear the load, but it is the heat transfer medium between the cooling water and air.
According to the heat balance and the calculus theory, the simultaneous differential equations of the closed circuit cooling tower can be obtained.
The heat lost by the fluid in the tube is as follows:
The lost heat of spray water is as follows:
The gained heat of air is as follows:
* is a function of the temperature of the spray water:
Because the spray water is circulating, the spray water temperature t wi at the entrance is equal to the spray water temperature t w0 at the exit. Where, dx denotes the heat transfer area, M w denotes the flow of spray water, M i denotes the flow of pipe water, M a denotes the flow of air, t t denotes the temperature of pipe fluid, t w denotes the temperature of spray water, i * denotes the enthalpy of the saturated moist air corresponding to the temperature of spray water, i denotes the enthalpy of air, c t denotes the specific heat of the fluid in the tube, c w denotes the specific heat of spray water, K 0 denotes the heat transfer coefficient from coil to spray water, K M denotes the heat transfer coefficient of spray water to air flow.
Simulation
Because the length width ratio of the tower is greater than 2:1, the whole model can be simplified into two dimensions, and the cooling tower model based on Fluent is shown in Figure 7 .
The residual curve simulated by the input parameter is shown in Figure 8 , and the temperature distribution of the whole tower is shown in Figure 9 . The distribution of spray drops is shown in figure 10 . Figure 9 , it can be seen that the air enters the cooling tower at a temperature of 49°C. Because of the evaporation heat exchange when air meets the spray water, the temperature of the air gradually decreases with the direction of air flow, and the outlet temperature of the air is 34°C.
It can also be seen from Figure 10 that the temperature from top to bottom of the cooling coil gradually decreases, which is consistent with the fact that the cooling water flows from the upper side to the lower side. The inlet temperature of the cooling water in the coil is about 49°C and the outlet temperature of cooling water is about 45°C.
The prediction results of the heating and cooling model of thyristor valve cooling system based on Fluent are very close to the actual operating parameters, which further shows that the model is of certain guiding significance for the numerical simulation of thyristor valve cooling system.
CONCLUSION
In this paper, the heating model of thyristor valve cooling system is carried out, and the temperature rise of the thyristor under steady and transient conditions is calculated respectively. The internal cooling system and external cooling system are modeled and simulated respectively, based on the study of cooling conditions inside the valve tower and closed circuit cooling tower. The parameters obtained by simulation are very close to the actual operating parameters, therefore, this modeling method can be used to simulate the thyristor valve cooling system. The research results have some guidance for engineering design improvement, temperature prediction and setting of valve cooling system. However, in this paper, the modeling of the internal and external cooling system is not as a whole, and the model of closed circuit cooling tower is built just based om the two-dimensional numerical simulation under the actual background, which has some defects. Further research can be made on the whole modeling of valve cooling system and the modeling of three-dimensional closed circuit cooling tower.
